Adsorption assessment of ZnO-SiO 2 (ZSnc) by UV/Vis spectro-photometery was used to monitor the removal of the cationic dye (MB)from waste waters. Silica nanoparticles with a high adsorption capacitywere prepared by sol-gel method. SiO 2 modification was done bydissolving various ratios of zinc oxides at 10%, 30%, 50%, 70% and 90%.With a view to explain the adsorptive characteristics, they were portrayed by XRD, TEM, EDX, SEM, N 2 adsorption/desorption isotherms techniques and FT-IR.
INTRODUCTION
There are numerous procedures by which wastewater dye can be treated. Among them, adsorption is exceedingly used for its maturity and simplicity. Adsorption is manifested in lots of natural systems,chemical, physical, biological, and industrial applications [1, 2] .Porous materials are known for a long time and used fordifferent purposes, such as filtration, liquid adsorption. During research and evolution of new porous systems,a better control of pore size, a decrease of pore diameter and a well-organized structure are essential to increase base properties. Sol-gel is one of the leading chemical routes which present a simple way of preparing nanosize with required features. Solution synthesis methods of a mixed oxide including the hydrolysis of metal alkoxides or simple inorganic salts have become of importance in the growth of metal oxides like SiO 2 and ZnO [3, 4] .The most practical and effective solution of the aggregation problem in a colloid process is an encapsulation of nanoparticles in chemically inert material [5] .One of theinteresting solutions to solve thisproblem consists of metal oxide in SiO 2 . Different chemical manners were previously investigated for the generation of ZnO nanostructure within SiO 2 [3, 6] . Particle size of ZnO is stable with aging after being included into SiO 2 , as the particles are trapped in the solid silica [7] .ZnO as well is predicted toplay an important role in its applications due to control over the physical and chemical properties of material [8, 9] and the growth of crystals with a specific size and shape [10, 11, 12] .
The present study deals with silica-coating ZnO nanoparticles and characterized by several techniques.Effects of some operational parameters as a nanoadsorbent loading and initial MB concentration on the adsorptionefficiency were discussed. The adsorption isotherm technique was used to verify the affinity. Isotherm models have been used. It is expected to play a leading role as an effective adsorbent compared to the purification processes and economical ways.
EXPERIMENTAL METHODS

Preparation mesoporous of ZSnc
ZSnc nanoparticles were prepared by a sol-gel method. 2 ml Tetraethyl orthosilicate (TEOS) was mixed with 23.5 ml methyl alcohol (CH 3 OH), 14.5 ml deionized water and nitric acid 0.08 ml (HNO 3 ) under vigorous stirring for 1 hr. After, an aqueous solution of Zn(Ac 3 ) 2 .6H 2 O with different wt., ratio concentration(0,10,30,50,70and 90%) was added to the above solution under vigorous stirring for 60 min. The reaction was performed at room temperature. The prepared gel was left for 24 hr. Eventually, the obtained gel was dried in oven at 80 • C,followed by calcination at 550 • C for 2hr in the air. Furthermore, the effects of different calcinations time were studied for sample 50% ZSnc at (1-3) hrs. All chemicals used in this work are of reagent-grade quality.
Characteristics of devices used
Powder X-ray diffraction (XRD) study was carried out using Shimadzu XRD-6000 as with Cu radiation λ=1.54056 Å was used with a scan rate of 4° in 2θ/min. Crystallite size of nanoparticles were calculated using the Schererequation [13] . The morphology of nanoparticles is measured using transmission electron microscope (TEM) Hitachi 7500. The SEM (The Scanning Electron Microscope) Model Quanta 250 FEG (Field Emission Gun) connected with EDX Unit (Energy Dispersive X-ray Analyses), with speeding up voltage 30 K.V., magnification14x up to 1000000 and resolution for Gun.1n). The surface properties of nanomaterials were determined by Quanta chromes Instruments, NOVA Touch LX4 (USA). (FT-IR) Fourier transform infrared spectroscopy was recorded on Nicollet IR 6700 spectrometer USA using KBr pellets. UV-visible spectroscopy (UV-vis/DR) was fulfilled on JASCO V-550 spectrophotometer (Japan) supported with an integrating sphere accessory.
Adsorption study
The activity of the adsorbents was examined for the adsorption of a cationic dye such as methylene blue (MB). This was performed in batches consisting of MB solution at diverse concentrations (2.5-7.5x 10 -5 mol/l). The solution was stirred at room temperature and pH=7 to uniformly disperse the adsorbent with a dosage 0.1 g. At various time intervals, the solutions separate using a centrifuge at 4500 rpm for 5 min. The residual concentration of MB was analyzed by UV-Vis spectrophotometer. The adsorption band of MB was taken at a maximum wavelength (λ max = 664) nm and adsorption uptake. (112) planes of the ZnO [14] . The Scherer formula is used to calculate crystalline size and it is found 20.5 nm 
TEM & SEM
In order to inspect the morphology of the nanoparticles TEM and SEM were measured.
Fig 2: TEM image of 50% ZSnc (a) and 90% ZSnc TEM (b), SEM (c), EDS (d).
Figure (2 a,b) showed the TEM morphology of 50%ZSnc and 90% ZSnc, respectively. 50% ZSnc shows high aggregation of particles as appeared in Figure(2a) . While, 90% ZSnchas a low aggregation hybrid morphologies (spherical, nano sheets) with mean diameter 18 nm and this data is rhythmic with XRD measurements. The SEM is used in order to study the surface morphology of 90% ZSnc and the results show the assemblage particles as in Figure (2c) . The EDX analysis was also performed to underline the composition of the 90% ZSnc and it is proved the presence of Zn, Si and oxygen elements in Figure ( 2d).
Surface area measurements
The nitrogen adsorption-desorption isotherms are given in Figure (3a) .Pure silica is the type II which is typical of either nonporous or mixed pore system according to IUPAC. Yet,
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50% and 90% ZSnc are exhibiting type IV isotherm, which is the typical adsorption profile for mesostructure [15] . Figure (3b ). Elaborates the pore size distribution obtained from the desorption branch of the isotherms. The textural properties, including specific surface area (S BET ), monolayer volume (V m ), total pore volume (V P ) and mean pore diameter derived from the N 2 adsorption-desorption isotherms and pore size distributions of all binary oxides are summarized in Table ( 1) . Data indicates that the specific surface areas and (V m ) of ZSnc which are reduced by the increase in the content of ZnO as manifested by XRD and TEM results. Pore volume results also go along with this observation [16] .The average values of pore radius (ŕ) appear similar to all samples and never more than 2.5 nm, indicating that very small cavities have size near the boundary of mesopores which responsible for most porosity in samples. The pore size distribution presented in Fig 3a display that pure SiO 2 sample possess has a narrow distribution in the microporous region in addition to small amount of mesopores with an average pore diameter of 1.4 and 3.7 nm, respectively. However, the pore size distribution of ZSnc with different ZnO content show a relatively narrow distribution in mesoporous range with an average pore diameter of 2.1 and 2.6 nm. So, the ZnO loading on SiO 2 significantly changes the average micropores diameter of the SiO 2 to mesoporous with increasing the content of ZnO.
Table1. Surface area and pore size distribution analysis of nano particles. 
FT-IR
FT-IRspectra of unmodified and modified silica are stated in Fig 4. The high wavelength spectral range, a broadband around 3446 cm -1 is assigned to stretching vibration of distinct surface hydroxyl groups (free or bounded).The band at 1635cm -1 is related tomolecular water [17] . In addition, the peaks at 2854 and 2925 cm -1 corresponded to the stretching vibrations of H-O-H bond [18] .
Fig.4: FTIR spectra of (a) SiO 2 ; (b) 50% ZSnc and (c) 90% ZSnc.
A broad band at 1457 cm -1 match the Si ̶ O stretching vibrations as well as the Si ̶ O ̶ Si deformation vibrations [19] .The absorption peak at about795 and 1090 cm -1 is indexed to the symmetric stretching of the Si-O-Si group [20, 21] .Whereas the peak of Zn-O-Si appears at 910 cm -1 associated with increasing ZnO [22] . Particularly significant features are the absorption bands at 466 and 458 cm -1 .which could be assigned to the stretching vibration of Zn-O bond [24] as in Figure (4b,c) , respectively. These results from FTIR are compatible with XRD.
Adsorption study 3.2.1. Kinetics studies
Adsorption kinetics is essential for understanding the adsorbate uptake rate and the mechanism of the process.The elimination of MB from the solution by adsorption onto different adsorbents obtained by batch contact time studies for a dye concentration of 5x10 -5 mol/l was presented in Figure(5a) .It was obvious that the 50% ZSnc removes dye efficiently. This is due to it has a large specific surface area and smaller pore radius as well as exceptional mesoporous structures. Also, it can be deduced that the equilibrium time relies on adsorbent surface features and adsorbate, while it does not rely on adsorbent size [23] .The high dye removal efficiency was observed in case of 50% ZSnc with 20 min of reaction time. The calcination time effect on the dye removal and two hours of calcination is the preferable time to the decolorization of dye in Fig 5b. Also, indicated that the dye uptake increased with time and, at some point in time,reached a constant value where no more dye was removed from the solution. The equilibrium time was found to be (60 -150) min for otheradsorbents (10%, 30%, 70% and 90%) of the samples. However, the speedy adsorption noticed during the first 5min is probably reasons for the abundant availability of efficient sites on the surface of the adsorbent. The experimental data from thisstudy were fitted to three traditional kinetic models, as pseudo-firstorder [24] , pseudo-secondorder [25] and intra-particle diffusion model [26] . The values of the parameters, correlation coefficient obtained from these three kinetic models are all listed in Table ( 2).Pseudo-first order equation:
In (q e -q t ) = In (q e )k 1 t (1) Where q e and q t (mg/g) are the amounts of MB adsorbed at equilibrium and at time t(min), respectively, and k 1 (min −1 ) is the adsorption rate constant.
As in Figure (6a) ,based on Table ( 2), the linear regression coefficients obtained from the pseudo firstorder kinetic model were found to be low. Furthermore; there were remarkable distinctions between the calculated and experimental q e values, pointing out that the first order model does not reproduce adsorption kinetics of MB on catalysis.Pseudosecond order equation:
Where k 2 (g/mg.min) is the rate constant of second orderequation. Fig.(6b) and Table ( 2) were evidence stellar linearity, the results showthat the pseudo secondorder kinetic model accords with experimental data perfect with linear regression coefficients of (R 2 >0.999)at all different concentrations of adsorbents. The calculated q e values for the pseudo-secondorder kinetic model demonstrate good harmony with the experimental q e values, as in Figure (6b ). The intra-particle diffusion model can be described as:
Where k i is the intra-particle diffusion rate constant (mg/g.min 1/2 ) and C is the intra-particle diffusion constant, commonly the intra-particle diffusion model is used to recognize the mechanism engaged in the adsorption process.In this model suggests that intra-particle diffusion is the rate-controlling step, which is mostly the state for well-mixed solutions. In this model the adsorbed amount q t should differ linearly in the square root of time. As shown in Figure (6c) and Table (2) .Uncovered that the diagram is not linear along the whole time range; yet, it exhibits a bi-linearity, revealing the presence of two successive adsorption phases of mass transport with a low rate [27] .It is influential to note the fact that when the first linear diagrams do not pass through the origin, this is indicative of some degree of boundary layer control and further clears that the intra-particle diffusion is not the only rate controlling step, but some other processes may control the rate of adsorption [28] . Pseudo-secondorder model q e.cal K 1 R 2 (mg/g)(g.mg -1 min -1 ) 
Intra-Particle
Adsorption Isotherms Models
The analysis of the equilibrium adsorption isotherm model is a prerequisite for predicting the adsorption uptake of the adsorbent, which is one of the major parameters needed for designing optimized adsorption system. An available isotherm models, that is, Langmuir and Freundlich models [28] were used for this objective. The linear forms of isotherm models were facilitated and represented in Figure (7) and Table ( 3) as follows: 50 Lalia Foud et al.
Langmuir Isotherm
The Langmuir adsorption isotherm has been successfully applied to various pollutant adsorption operations from aqueous solution.The linear form of the Langmuir model is represented as follows (4) C e is the liquid-phase concentrations of dye at equilibrium (mg/l), q e the amount of dye adsorbed at equilibrium (mg/g), Q 0 the maximum monolayer adsorption capacity (mg/g) and b the Langmuir constant (L/mgor L/mol). A linear plot of (C e /q e ) vs.C e is obtained from the Langmuir model, as shown in Fig. 7a . From the value of b deduced from the Langmuir model, the equilibrium parameter R L was calculated using the following equation (5) Value of R L indicates the isotherm is inconvenient (R L >1), linear (R L =1), convenient (0<R L <1) or irreversible (R L =0). C 0 is the initial dye concentration. The R L values for MB adsorption over various concentration catalysis were less than one and greater than zero, showing a favorable adsorption in Table 3and Fig. 7a .The MB adsorption capacity increased in all ZSnc than pure SiO 2 due to the MB on ZnO surfaces was more mobile so that the diffusion of MB on ZSnc was easier than on bare SiO 2 at the initial stage of theadsorption experiments. In addition to, the maximum monolayer adsorption capacity of 50% ZSnc decreases with increasing the rate removed MB at (5x10 -5 mol/l).This is due to the electrostatic repulsive forces between adsorbent and dye molecules might also take part into resisting the adsorption of MB and lead to lower adsorption ability.
Freundlich Isotherm
The Freundlich isotherm model depicts the adsorption of solutes from a liquid to a solid surface and assumes that different sites with assorted adsorption energies are involved. It gives a clarification of the adsorption equilibrium between an adsorbent in solution and the surface of the adsorbent, using a multi-site adsorption isotherm for heterogeneous surfaces. The Freundlich model can be represented by the linear form as follows:
In (6) Since C e is the liquid-phase concentrations of dye at equilibrium (mol/l) and q e the amount of dye adsorbed at equilibrium (mg/g).The value of n, which is recognized as heterogeneity factor, was used to identify the adsorption whether it is linear n=1,chemical processn <1, and physical process n>1.In this studylinear adsorption process is convenient with the n value 1, however the K F value, which is an indicator of adsorption capacity, indicated a high MB adsorptive capacity of adsorbent from aqueous solution [29] . The inconsistent arrangement of theheterogeneously adsorbed MB has been shown to reinforce the progression of local multilayers [30] . In general, as the K F rises the adsorption capacity of the adsorbent increases. Its correlation coefficients (0.94<R 2 <0.99) are much lower than those for the Langmuir isotherm, suggesting that the Langmuir isotherm model is the preferable model to fit the experimental data. 
Conclusions
In this study, highly effective adsorbent ZSnc with different content of ZnO for adsorption of cationic dye (methylene blue) has been prepared by sol-gel method. Raising the amount of ZnO affected on the crystallinity, morphology and surface area of SiO 2 .Where 50% ZSnc has the highest adsorption rate of removal of dye. In addition to, the experimental results fit well with the pseudo second order model and Langmuir isotherm.
